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•  Program  Description 

•  Dual-Band  Coating  Performance 
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•  Phase  II  Project  Scope 
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ril  present  the  program  description,  discuss  dual-band  coating  performance, 
show  a  Silicon  Lightweight  Mirror  Systems  (SLMS™)  coated  mirror  that  was 
produced  in  Phase  I,  and  then  summarize  the  scope  of  the  phase  II  project  which 
is  in-process. 


Sszhster 

Lightweight  Optical  Systems  (LWOS) 

Superior  Technology  with  a  System  Level  Pofnt-of-VIevfi 


Program  Description 


•  Operational  environment  for  Tactical  Airborne  missions  typically  -20  °C 

•  Operation  environment  for  Relay  Mirror  Systems  typically  -50  °C 

•  Desirable  attributes  for  mirrors/beam  directors  of  these  systems  are: 
=>  High  Quality  Wavefront  Control 

Very  Low  Absorption  (VLA)  Coatings  for  Low  Thermal  Distortion 
^  Superior  Cryogenic  Performance  Without  Print-Through 
Super  Polishingwith  Low  Cost 
->  High  Structural  Efficiency  (Self  Damping) 

High  First  Fundamental  Frequency 
^  Low  Weight 

•  Demonstrate  prototype  mirrors  for  the  beam  control  system 
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The  operational  environment  for  tactical  airborne  mission  is  typically  on  the 
order  of  -20  degrees  C.  Relay  mirror  systems  typically  must  operate  at  colder 
temperatures,  on  the  order  of  -50  degrees  C.  The  desirable  attributes  for  the 
mirrors  and  beam  directors  for  systems  operating  under  these  conditions  are  high 
quality  wavefront  control.  Wavefront  control  can  be  improved  through  the  use 
of  very  low  absorption  coatings  which  minimize  thermal  distortion,  by  using 
mirrors  that  do  not  print-through  their  lightweighting  structures  at  cryogenic 
temperatures,  by  improving  the  surface  figure,  surface  finish  and  surface  quality 
of  the  mirror,  by  using  mirrors  with  high  structural  efficiency  and  excellent 
damping  performance,  and  by  using  mirrors  that  have  very  high  first 
fundamental  frequencies  of  vibration  which  will  not  resonate  in  response  to 
system  disturbances.  Since  payload  weight  is  an  important  system  driver, 
lightweighting  is  also  important  for  the  mirrors.  In  Phase  I  Schafer 
demonstrated  a  5  inch  dual-band  mirror  and  in  Phase  II  we  are  demonstrating  a 
21  inch  dual  band  mirror 


Schsfer 


Lightweight  Optical  Systems  (LWOS) 

SuDerfor  Technaloav  uillh  a  System  Level  PoInt-of-Vtevfi 


Dual-Band  Very  Low  Absorption 
LA^  Coating  Design  (1  of  4 


>99.999%  reflectivity  @  1.064^m  and  1.315)j.m  @  normal  angle  of  incidence 
27  Pairs  of  NbsOg/SiOj  (high/low  index  of  refraction)  stack 
=>  13.35  microns  total  thickness 

=>  Demonstrated  low  absorption,  iow  scatter  and  high  damage  resistance  at  wavelengths  of 
interest 

Wavelength  dependent  refractive  index  and  extinction  coefficient  data  from  Schafer 
THINFILM  code 

^  THIN  FILM  has  legacy  on  SBL,  THEL  and  many  other  HEL  programs 


In  Phase  I  Schafer  designed  a  coating  targeted  at  better  than  99.999% 
reflectivity  at  1064  and  1320  nm.  The  normal  angle  of  incidence  coating  had  27 
layer  pairs  of  high  index  niobia  and  low  index  silica.  The  total  thickness  of  the 
all  dielectric  stack  was  a  little  more  than  13  microns.  These  materials  have 
demonstrated  low  absorption,  low  scatter  and  high  damage  resistance  at  the 
wavelengths  of  interest.  The  dispersion  data  for  the  materials  are  part  of 
Schafer’s  proprietary  THUSIFILM  code.  THINFILM  was  used  to  design 
coatings  for  the  SBL  and  THEL  programs  as  well  as  many  other  HEL 
applications.  The  plots  show  that  a  very  low  absorption  coating  design  was 
achieved. 


Schster  Dual-Band  Very  Low  Absorption 

Lightweight  Optical  Systems  (LWOS)  fyt  jiv  fO  nf 

Superior  Technology  with  a  System  Level  Polnt-o(-Vlevfl _ I  V  OiJQLIIIfi  JIRI I  m  -T7 

•  Transmission  measured  using  Cary  5  spectrophotometer  (all  normal  incidence) 

=>  Uncoated  fused  silica  reference  sample 

Coated  fused  silica  witness  sample  at  center  of  coating  tool 
=>  Coated  fused  silica  witness  sample  4  inches  from  center  of  tool 

•  Th  eo  reti  ca  I  design  p  I  otte  d  f or  co  m  pa  riso  n 

=>  Spectrophotometer  lacks  good  resolution  over  800-900  nm  bandwidth 


The  designed  coating  was  deposited  on  fused  silica  and  the  transmission  of  the 
film  was  compared  with  an  uncoated  fused  silica  witness  sample. .  .coated 
samples  were  obtained  from  the  center  and  edge  of  the  coating  chamber.  The 
graph  shows  excellent  agreement  between  the  prediction  and  the  coated  samples 
with  the  exception  of  the  800-900  nm  bandwidth,  which  was  known  to  be  a 
region  of  poor  resolution  for  the  spectrophotometer. 
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Bchster  Dual-Band  Very  Low  Absorption 

Lightweight  Optical  Systems  (LWOS)  a\  flACif^n  ('k  ftf 

Superior  Teehnotopy  with  a  S/ste/n  <.eve/  Pofnf-c>f-Wew° _ \  V  WUPLIllR  WCJIRi  I  ^^1  — Tj 

•  Design  and  deposited  coating  agree  to  within  0.01-0.02% 

•  Sum  of  Reflected  and  Absorptance  is  99.99% 

•  Measured  transmittance  over  wavelengths  of  interest  are  in  the  noise  floor  of 
the  spectrophotometer 


T ransmittance  T 04135 


Wavelength  (nm) 


Blowing  up  the  waveband  of  interest  we  see  that  the  as-deposited  coating  is 
within  0.01-0.02%  transmission  of  the  predicted  performance.  The  sum  of 
reflectance  and  absorptance  for  the  as-deposited  coating  is  99.99%.  The 
transmittance  plot  shows  that  the  measurement  is  at  the  floor  of  the  resolution 
capability  of  the  spectrophotometer.  One  would  have  to  perform  laser 
absorption  calorimetry  to  verify  a  coating  with  better  performance. 


Schstst  Dual-Band  Very  Low  Absorption 

Lightweight  Optical  Systems  (LWOS)  Pnafintf  HACicfn  (A.  f\i  A 

^up^rjorT^chnQio^V  with  3  Sy&t&m  L6\/el  PoinUofA/j^v^  V  W  Injmy  \^wQiLHI^%  I  \  m*  wl  *T 

•  Surface  roughness  distribution  measured  with  Atomic  Force  Microscope 

•  Average  roughness  is  4  ±  1  nm  -  very  smooth  for  a  coating  of  this  thickness 

•  BRDF  measured  at  890  parts  per  million 


An  atomic  force  microscope  was  used  to  measure  the  roughness  of  the  as- 
deposited  coating.  Although  the  coating  is  very  thick,  its  roughness  is  excellent 
with  a  value  of  4  nm.  The  BRDF  for  the  coating  is  also  low  having  measured  at 
890  parts  per  million. 


7 


SfSZSmS a  KSM 

Lightweight  Optical  Systems  (LWOS) 

Superior  Technolonif  wffh  a  System  Level  Pofnf-of-V7ew* 


SLMS™  Dual-Band  Mirror 


•  5-inch  by  0.7  inch,  9.7  kg/m^areal  density,  3.5  kHz  fundamental  frequency 

•  Figure  accuracy  <XHeNe /lO  PV,  and  a  surface  roughness  of  <10  A  RMS 


Coated  Mirror 


Polished  Substrate 


Substrate 
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This  coating  was  deposited  on  a  5  inch  diameter  plan  SLMS™  mirror.  The  areal 
density  of  the  first  fundamental  frequency  of  the  SLMS™  better  than  one  would 
obtain  with  a  light  weighted  beryllium  mirror  of  the  same  weight.  The  SLMS™ 
had  an  excellent  surface  figure  and  finish. 


Lightweight  Optical  Systems  (LWOS)  PIlSS©  II  PrOJ6Ct 

SuoBrior  Technology  with  a  System  Level  PoInt-of-Vleyfi 

•  Design  and  Fabricate  SLMS™  Beam  Director  Primary  Mirror 
=>  50  cm  Clear  Aperture 
=>  F/#  =  1.00 

K  = -1  (Parabola) 

^  Customer  specified  N|R  laser  coating 

.  •  Design  and  Fabricate  Athermal  Mirror  Mount  for  Simulating  and  Testing 
in  Relevant  Operational  Environment  (proprietary) 

9 

In  Phase  n  Schafer  will  be  producing  a  primary  mirror  with  a  clear  aperture  of 
50  cm  and  an  F/1.  The  lightweight,  high  stiffiiess  mirror  will  be  coated  with  a 
near  IR  coating  as  specified  by  the  customer.  A  custom  designed  mount  is  being 
produced  in  order  to  perform  simulated  environmental  testing  of  the  mirror  at 
NASAMSFC. 


Schsfet 

Lightweight  Optical  Systems  (LWOS) 

ISL/oerior  Technology  with  a  System  Level  PoInt-of-Vieufi 


Physical  Details  of  PM 


)Radius  of  curvature  =  39.287  in 
>Notched  forTIRU  beam  insertion 
> Double  arch  design 


Classical  Sculpted  Design  >  15  years  old 
Lowest  Deflection: Weight  Ratio  =  0,04 
Very  Fast,  f/#  =  1.0 
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The  customer  provided  a  notional  primary  design  as  a  point  design  for 
comparison  with  Schafer’s  technology.  This  design  is  a  classical 

double-aich  configuration  that  minimizes  deflection  to  weight  ratio.  It  is  also  a 
very  heavy  mirror  as  will  be  seen. 


Si!li^w^^isysten,s(Lwos)  Bssic  Primafy  Mirror  Specs 

Superior  Technology  with  a  System  Level  Point-of-Vie^ _ 

•  Clear  Aperture  Diameter:  50  cm 

•  f/#:  1.0 

•  As-Polished  Wavefront  Error  (residual  surface  error  w/  tilt  &  focus 

'  removed):  0.0169  w/aves  rms  @  1.315  um  (0.035  waves  rms  HeNe) 

•  Weight:  46  lbs  (Areal  Density  of  93.57  kg/m^) 

•  Coating  Spec: 

^  Reflectivity: 

1.315-1.319  um:  0.9992 
->  1.06-1.08  um:  0.9900 
0.633  um:  0.9000 
^  0.91  um:  0,9900 
=>  Absorption;  <200  ppm 
I  =>  Scatter:  <300  ppm 

Damage  Threshold;  >20  kW/cm^ 

=:>  VI_A  Coating  Provides  Relatively  No  Thermal  Distortion 


Figure  Requirement  Well  Within  Capability  for  SLMS™ 
Classical  Zerodur  Double  Arch  Design  is  Very  Heavy 
Coating  Performance  is  Very  Reasonable _ 
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The  basic  mirror  specifications  for  the  customer  supplied  design  are  summarized 
as  follows. .  .a  clear  aperture  of  50  cm,  and  f  number  of  1,  a  surface  error  with  tilt 
and  focus  removed  of  0.035  waves  at  HeNe,  a  weight  of  46  pounds  (this  is  a 
very  high  94  kg/square  meter).  The  coating  requirements  include  both  visible 
and  Near  infrared  performance.  It  is  of  course  desired  that  the  mirror  coating  be 
low  absorption  so  as  to  minimize  thermal  distortion.  All  of  the  requirements  are 
well  within  Schafer’s  current  demonstrated  capabilities. 


1  Schafer 

Lightweight  Optical  Systems  (LWOS) 

Superior  Technology  with  a  System  Level  PoInt-of-Vievfi 


Intensity  Distribution 


Map  as  shown  in  presentation: 

“Primary  Mirror  Specifications  for  AFRL’ 


Schafer  Processed  the  2-D  Intensity 
Plot  and  Generated  a  Normalized  3-D 
Intensity  Map 
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Schafer  will  map  the  customer  supplied  notional  intensity  distribution  onto  the 
mirror  finite  element  model  in  order  to  perform  tlierraal  distortion  analysis. 


Systems  (LWOS)  Benefits  to  AFRL  Program 

Superior  Technology  with  S  System  Level  Po/nt-oAV?ew° _ 

•  SLMS™  Primary  Mirror  is  ~7.1  lbs  vs  46  lbs  for  Zerodur,  Requirements  Can 
be  Relaxed  for  Gimbal  and  Motors 

=>  Lighter  Mirror  Mounts,  Structure  and  Counterweights  Can  Be  Employed 

•  Primary  Mirror  First  Fundamental  Frequency  of  ~760  Hz 

=>  Increased  Stiffness  and  High  Damping  Allows  Reduced  Ringdown  Time  and 
Jitter  During  Slew,  Improves  Beam  Director  Line  of  Sight 

•  f/#  =  1.0  Will  be  the  “Fastest”  SLMS™  Ever  Produced 

Small  f/#  Optics  Are  Required  for  Compactness  in  Numerous  Optical  System 
=>  Faster  Mirrors  Result  in  Lower  Inertial  Loads  on  Gimbals  (Shorter  Telescope) 

•  SLMS™  Sho\vn  to  Have  Better  Dimensional  Stability  Than  Zerodur 

High  Conductivity  SLMS™  Does  Not  Irradiance  Map 
=>  Foam  Provides  A  Well  Supported  Facesheet  (No  Quilting) 

=>  High  Stiffness,  High  Thermal  Diffusivity  SLMS™  Does  Not  Print-Through  at  Cryo 

•  SLMS™  Compatible  With  VLA  Coating  Technology 

r:>  Legacy  VLA  Coatings  for  HELs  Were  Developed  on  Single  Crystal  Silicon 


SLMS™  Are  A  Breakthrough  Technology  For  Tactical  Airborne 
Beam  Control  Applications 
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There  are  numerous  benefits  of  SLMS™  technology  for  the  Air  Force 
mission. .  .these  include  a  dramatic  reduction  in  weight,  which  in  term  will 
spawn  secondary  weight  savings  for  the  mirror  mounts,  telescope  structure  and 
counterweights  and  thus  the  gimbals  and  motors.  Tlie  SLMS"^^  has  a  predicted 
first  fundamental  frequency  of  760  Hz  meaning  that  the  ringdown  time  and  jitter 
of  the  mirror  during  slew  maneuvers  will  be  greatly  reduced,  the  ability  to 
produce  very  fast  optical  prescriptions  means  that  shorter  telescopes  can  be  used 
and  this  favors  lower  inertial  loading,  SLMS™  dimensional  stability  has  been 
demonstrated  in  the  laboratory  under  laser  loading  and  the  performance  has 
exceeded  that  of  Zerodur. .  .SLMS™  do  not  irradiance  map  under  laser  loading, 
nor  show  print-through  at  cryogenic  temperatures.  Finally  SLMS"^^  can  be 
coated  with  an3dhing  that  single  crystal  silicon  of  glass  mirrors  can. 


Thus  SLMS™  Technology  is  a  breakthrough  for  tactical  airborne  and  relay 
mirror  system  beam  control  applications. 


Lightweight  Optical  Systems  (LWOS)  S U  IT!  ITl 3 fy 

Suosrior  Technotoav  with  a  System  Level  PoInt-of-Vievfi 

SLMS^*^  in  Conjunction  with  VLA  coating  technology  offers  Dramatic 
Improvement  for  Tactical  Airborne  and  Relay  Mirror  Systems 


High  Quality  Wavefront  Control 
Low  Polishing  Cost 

Very  Low  Absorption  (VLA)  Coatings  for  Low  Thermal 
Distortion 

Superior  Cryogenic  Performance  for  No  Print-Through 
High  Structural  Efficiency 
High  First  Frequency 


SLMS'*^^  in  Conjunction  with  VLA  coating  technology  offers  Dramatic 
Improvement  for  Tactical  Airborne  and  Relay  Mirror  Systems 


High  Quality  Wavefront  Control 
Low  Polishing  Cost 

Very  Low  Absorption  (VLA)  Coatings  for  Low  Thermal 
Distortion 

Superior  Cryogenic  Performance  for  No  Print-Through 
High  Structural  Efficiency 
High  First  Frequency 
Lower  Weight 


